Author's Closure
The author thanks the discussers for contributing to the value of his paper by providing some information on computational experience. The author has formulated a computational procedure which, in principle, will give the desired results. Like the consideration on convergence behavior, mesh shapes and sizes, etc., for finite-difference methods, it requires considerable numerical experimentation to determine the best choice of admissible functions, the appropriate number of terms to be used in the series, etc., for various ranges of combinations of the parameters of the problem. The discussers have made a good start toward this end and the author welcomes further contributions from the readers of this journal.
On the Unsteady Motion of a Viscous
Hydromagnetic Fluid Contained in a Cylindrical Vessel 1 W. F. HUGHES 1 and F. J. YOUNG. ' The author is to be congratulated for his diligence in performing the inverse Laplace transformation of one moderately complicated function. However, the solutions obtained are not solutions to the problem posed by the author. In this discussion the physics of the problem and the equations which the author should have used are presented.
Physics of the Problem
The configuration considered is a metal circular cylinder of length 2L filled by a viscous, electrically conducting liquid. The ends of the cylinder are covered by insulators. A constant, uniform axial magnetic field is applied and after all transients caused by the application of the magnetic field have decayed to zero, the cylinder is caused suddenly to rotate about its longitudinal axis at a constant angular velocity, 0. The sudden angular motion causes transients in fluid velocity and electromagnetic fields. The insulators on the ends of the cylinder rotate with the cylinder. The fluid near the walls of the cylinder is dragged by the cylinder walls. In the corners between the cylinder walls and the insulating covers the fluid motion is more intense than it is elsewhere at the beginning of the transient. By Ohm's law a current density will exist because the fluid is moving with various velocities through a magnetic field. The current density is given by
Clearly, since V is in the ^-direction and the applied magnetic field is in the z-direction, a component of current density exists in the r-direction. The radial component of current density is most intense where the fluid flows with the greatest velocity. Hence, the greatest current is generated in the corner regions. This current must flow in a complete circuit. The current lines in the r-z-plane are sketched in Fig. 1 for the case of an ideally conducting cylinder.
Here, it is noteworthy that the current lines are normal to the ideally conducting cylinders and are parallel to the ideally insulating covers. In the central region of the cylinder, the current lines are in the opposite direction of V X B which implies (from equation (1)) the existence of a radial component of the electric field. The radial and axial components of the electric field are necessary to help establish a complete circuit for the current. As shown in Fig. 1 , the total induced current returns in the cylinder walls. The currents produce the angular magnetic fields shown in Fig. 1 . The electromagnetic body force resulting from the vector cross product of the induced current densities and the applied magnetic fields retards the flow hi the corners and accelerates it in the central region. As the transient progresses the electromagnetic body forces and shear forces work to cause all of the fluid to rotate at a constant angular velocity. As the steady state is approached the axial components of the electric field and current density approach zero, the radial component of current density and the angular magnetic field approach zero, and the radial component of the electric field approaches -rilBo. In the steady state this device acts the same as an open-circuited solid Faraday disk generator with no current flow and no electromagnetic interaction. In the steady state all the fluid moves with the same angular velocity regardless of the strength of the applied magnetic field.
The Correct Magnetohydrodynamic Equations
Displacement current and charge density are neglected in this discussion. The fluid is assumed to have the permeability of free space, for no ferromagnetic conducting liquids exist. The author's treatment of this point is very misleading. In a moving conductor the expression D = e E is not correct because the constitutive equations must always be written in the local rest frame 
(5)
In the author's paper Er was taken to be zero and, consequently, 
The boundary conditions on H* are obtamed by considering current at the boundaries. At the insulators J, must be zero, which implies from equation (7) 1_ J>_ r* br* (r*H*) = 0 (16) r* z*~±l,t* + Our physical picture of this phenomenon includes only the quantities v, Er, E" J" J" He, and H,. The quantities not in our physical picture are u, w, Eg, Jg, and Br. In equations (8) and (10) u and w cannot be identically zero, but we assume as did the author that they may be neglected compared to v. If u and w are zero Jg = crEg. Physically, Eg or Jg is caused by a bBJbt. Since the applied magnetic field is a steady field, it is reasonable to assume B, has no time variation. Then B, = B0, the applied magnetic field. If this is true, equation (4) indicates that Eg is not a function of time. However, in that case Eg = 0 because no persistent current can exist in the fluid unless it is a superconductor. Then, from equation (2), Br = const = 0 because no steady radial magnetic field is applied. The equation V'B = 0 and the equation of continuity are satisfied also when u, vi, Eg, Jg, and Br are zero. Hence, the solution to the problem can be obtained from equations (3), (5), (7), and (9). Equations (3), (5), and (7) can be combined to yield In the ideally conducting cylinder the current Jt is finite but the conductivity is infinite. Thus, in the cylinder, E, = -attBo. Since the tangential component of the electric field is continuous at the boundary of two media, E, in the liquid at r = a is also equal to -aS2Bo. However, the conductivity of the fluid is finite and therefore 
Although equations (13) and (14) are not easily solved subject to the conditions of equations (15)- (18), it is clear that the steady solutions valid for large t* are orr*n / H* = 0 and F* = ---j (p.t/2Lp)
4 For a discussion of this point and the role of p" in problems of this type, see Hughes, W. F., and Young, F. J., The Etectromagnetodynamics of Fluids, Chapters 2 and 6, Wiley, New York, 1966. In conclusion, the author's equation (17) does not apply to the
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problem he claims to solve. ActuaUy, his assumption of zero radial electric field would be a valid approximation if there were a conducting wire along the axis of the cylinder. The wire would have to be connected by ideal conductors and brushes, which did not rotate, to the outside of the cylinder. This configuration would correspond to a short-circuited solid Faraday generator.
Author's Closure
The author wishes to thank Professors Hughes and Youllg for their discussion and apologizes for his tardiness in allswering caused by his assignment in Vietnam.
It is clear that if equations (17) thl'Ough (22) of the original paper are to represent the problem proposed, eit.her ~he cylinder must be short-circuited, or there must exist a radial component of the electric field Er in the immediate vicinity of the elld pla.ne.~.
This latter situation is what this author originally envis iolled. Clearly, current must flow in complete circuits , but in postula ting Cl\I'rent paths, one must carefully analyze flow ill the vicinity of 1054 / 0 E C E M B E R 1 9 6 7 the end planes. In this region there exists an axial component of the velocity field w which, due to the development of he decreases the radial component of cltnent density in this region by nn amount wh s . This implies that in the corner regions the current density is less than in the central region at the cylindrical surface and current Bow in the cylinder would be opposite to that predicted in Fig. 1 of the Discussion. This situation requires an E" but only very near the end planes, a region clearly excluded from the author's analysis.
It would be very interesting to see what solutions of the coupled problem formulated by Professors Hughes and Young predict. They would positively indicate whether the author's assumption that the radial component of the electric field Er is negligible in the central region is, in fnct, valid. By introducing a conducting wire along the axis of the cylinder and connecting it through ideal conductors and brushe.'l (which do not rotate) to the outside cylirlder, as suggested in the Discussion, the author's approximation is clearly valid.
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